According to the literature, the seeds of Chamaecrista lack pleurograms and have pitted testas aligned in vertical lines. Preliminary observations have revealed that these small structures consist of superficial alterations of the testa that are coloured differently to the rest of the seed coat and stand out as pits. However, no anatomical inspection has yet determined the precise composition of these pits. The present work examined the morphology, surface micromorphology, anatomy, and histochemistry of the seed coat of mature seeds of C. desvauxii var. latistipula, C. flexuosa, and C. nictitans var. patellaria in order to elucidate the structural nature of the seed coat pits. For this, seed coats were studied using scanning electron microscopy and light microscopy. Structural modifications were examined in the seed coats of the studied species, and variations were noted in the mucilaginous layer, in the thickness of the palisade layer, and in the presence of larger hypodermic cells. Based on the anatomical features observed, and comparing these with published data on pleurograms in the Caesalpinioideae, it was determined that the structures referred to previously as tegumental pits on Chamaecrista seeds are actually small and numerous pleurograms, reported here for the first time.
INTRODUCTION
Pleurograms appear as distinct lines on the sides of seeds (Corner, 1976) , and are also known as 'linea sutura' (Capitaine, 1912) , 'linea fissura' (Boelcke, 1946) , and 'face lines' (Isely, 1955) .
Pleurograms are restricted to the families Cucurbitaceae and Fabaceae, and therefore have significant taxonomic value. Amongst the legumes, pleurograms have been observed in 65-70% of the studied Mimosoideae and 9-14% of the studied Caesalpinioideae genera, but are absent in Faboideae. The pleurograms of the Mimosoideae are open and U-shaped, whereas those of the Caesalpinioideae are closed and circular (Gunn, 1981) . All pleurograms described to date occur singly on each side of the seed.
Pleurograms differ anatomically between the Mimosoideae and Caesalpinioideae. In the Mimosoideae, a pleurogram is a linear break in the exotestal palisade cells, which forms a groove; in Caesalpinioideae, a pleurogram is visible because of the raised height of these same cells (Corner, 1951 (Corner, , 1976 . In the Caesalpinioid tribe Cassieae, the literature mentions pleurograms as being restricted to the genus Senna Miller (Gunn, 1991) . This genus was established when the members of Cassia s.l. were recognized as the subtribe Cassiinae, composed of three genera: Cassia s.s., Chamaecrista, and Senna (Irwin & Barneby, 1981) . Although Senna has closed pleurograms, pleurograms have not been observed on the seeds of Cassia s.s.
The seeds of Chamaecrista Moench have been described as lacking pleurograms, although the testa is pitted and the pits are aligned in vertical lines (Irwin & Barneby, 1976) . In studying the micromorphological characteristics of the seeds of Cassia s.l., synonymized to Chamaecrista, Sahai, Kaur & Pal (1997) pointed out the existence of structural differences between the pits and the rest of the seed coat. However, there have been no anatomical or chemical descriptions of these pits, which, in addition to being a different colour from the rest of the seed coat, also appear to be structurally distinct from it.
The genus Chamaecrista contains about 250 species, primarily neotropical, more numerous in east Brazil (Irwin & Barneby, 1981) . The present work sought to characterize the multiple pleurograms that occur in three species of Chamaecrista, to describe their morphology, surface micromorphology, and anatomy, and to discuss the possible taxonomic consequences of these structures within the subtribe Cassiinae. Morphological analyses were performed using an Olympus SZ61 stereomicroscope. All images were recorded digitally.
MATERIAL AND METHODS
Surface micromorphological analyses were performed using a Quanta 200 (Fei Company) scanning electron microscope. Mature seeds were prepared for scanning by drying at 60°C, and were subsequently surface-coated with gold. All images were recorded digitally.
Anatomical analyses were performed on seed coat fragments that included pitted and nonpitted regions. This material was fixed in formalin acetic alcohol (FAA) 50 for 48 h (Johansen, 1940) and conserved in 70% ethanol. The seed coat fragments were subsequently dehydrated in an ethyl alcohol series, embedded in methacrylate (Leica), according to the protocol suggested by the manufacturer, and subsequently sectioned transversally in a rotary microtome to a thickness of 6-10 mm. The sections were stained with 0.05% toluidine blue, pH 4.7 (O'Brien, Feder & McCully, 1964) , and then mounted in synthetic resin. Permanent slides were observed using an Olympus BX41 light microscope, and the images were recorded digitally.
In order to identify certain substances, histochemical tests were performed on manually prepared sections of fresh material. Ruthenium red was used to identify polysaccharides and pectins (Jensen, 1962) , phloroglucinol with hydrochloric acid to identify lignified walls (Sass, 1951) , Sudan IV to identify lipids, Lugol's solution to identify starch, and ferric chloride with sodium carbonate to identify phenolic compounds (Johansen, 1940) . All material was mounted in water and observed under an Olympus BX41 light microscope.
RESULTS
Seed coat pits tended to be aligned longitudinally, and were distinct in C. desvauxii var. latistipula (Fig. 1) , but less distinct in C. flexuosa (Fig. 4) and C. nictitans var. patellaria, where their arrangement was also more irregular. Pits often appeared isolated (Figs 1-8 ), or as pairs (Figs 5, 7) or in threes (Fig. 8) , in all three species. Pits in C. desvauxii var. latistipula were the same dark brown colour as the rest of the seed coat. In C. flexuosa, the seed coat was light brown, and the pits were a darker shade. In C. nictitans var. patellaria, the seed coat was mostly dark brown, but lighter coloured near the micropylar region.
Close observation of the seed coat surface, especially under scanning electron microscopy (SEM), revealed depressions in the surface of the seed coat near the pits, as well as fracture lines along the same surface (Figs 2, 3, 5, 6, 8, 9 ). In C. desvauxii var. latistipula, the depressions were shallow and poorly defined (Figs 2, 3) . In C. flexuosa, the pits likewise represented slight depressions in the seed coat surface, although these formed clearly defined circles (Figs 5, 6 ). In C. nictitans var. patellaria, each pit was formed by a well-defined depression in the seed coat, these being circular and marked by well-defined edges (Figs 8, 9 ).
Cross-sections were also useful in characterizing modifications in the seed coat in the region of the pits (Figs 10, 11, 13, 14, 16, 17) . A decrease in the mucilaginous layer that covers the seed surface was immediately apparent in areas with pits in all studied species, and especially only a very thin residual layer in C. nictitans var. patellaria (Figs 16, 17) . In addition, the ruthenium red reaction produced a more The palisade layer also appeared to be modified in the areas with pits. In C. desvauxii var. latistipula, the palisade layer was convex, with slightly taller cells at sites at which pits occurred, and the nuclei in these cells were centrally located ( Figs 10, 11) ; in the rest of the seed coat, the palisade layer was more uniform and the nuclei were located slightly basally (Fig. 12) . At each pit in C. flexuosa and C. nictitans var. patellaria, the palisade layer had two small peripheral concave regions and a larger convex central region (Figs 13, 14, 16, 17) , and the nuclei in the region of the pits were positioned as in the rest of the seed coat (Figs 15, 18) .
The hypodermis (composed of a layer of hourglass cells) also differed in the pits, with the cells at these locations being larger (Figs 10, 11, 13, 14, 16, 17) than those in the rest of the seed coat (Figs 12, 15, 18) . No modifications were observed in the thick parenchyma layers of the seed coat in areas either with or without pits (Figs 10, 11, 13, 14, 16, 17) .
Histochemical tests indicated that the pitted regions contained larger amounts of phenolic compounds; the green colour in Figures 11 and 14 shows phenolic accumulation, especially in hourglass cells. All cells of the testa showed thicker pectic walls and starch was absent. Lipid compounds were found only in the thin cuticle, and lignin occurred exclusively in tracheal elements.
DISCUSSION
The present work reports, for the first time, the presence of multiple pleurograms in seeds within the genus Chamaecrista, a taxon that was previously thought to lack these structures. The seed coat modifications described as pits on the testa, and examined in detail in the current work, are identical to the pleurograms described by Corner (1951 Corner ( , 1976 in other species of Caesalpinioideae, and should be considered as such, independent of their size and number.
Erroneous observations are common in the literature describing the reproductive organs in plants. Fleshy structures, trichomes, and wings (especially those present on the seed surfaces) have received diverse interpretations that often have not stood up under closer examination. Pits have been considered as typical features on seeds of Chamaecrista (Irwin & Barneby, 1976 , 1981 , 1982 , and have been interpreted as representing small scars or trichomes based solely on superficial observations (Conceição, Giulietti & Queiroz, 2003) . The present work confirms that trichomes do not occur on the surface of seeds in Chamaecrista, and that these earlier observations are incorrect.
In general, sources of seed coloration have been poorly investigated, although phenolic compounds and their derivatives (principally tannins and sometimes quinones) have been most commonly cited (Werker & Fahn, 1975) . Seed colour has been attributed to the accumulation of substances in different tissues, principally the seed coat layers. Testa colouring in some legume seeds is produced by scattered pigmented cells in the palisade layer (Werker, 1997) . In the species of Chamaecrista examined here, the large accumulation of phenolic compounds in the tegumental pits modified their coloration in relation to the rest of the seed surface, as was most clearly seen in C. flexuosa.
Although much speculation has been made in the literature, the true function of pleurograms remains unknown. Gunn (1981 Gunn ( , 1991 associated pleurograms with dehydration in seeds of the Mimosoideae and Cesalpinioideae, but without any experimental proof. The association made by Gunn was derived from the similarity between the breaks formed in the palisade by the pleurograms of Mimosoideae and the hilar groove typically found on the hilum of seeds of Faboideae. Hyde (1954) demonstrated experimentally that the hilum is, in fact, responsible for the dehydration of the seeds in Faboideae and, as such, a close examination of the seeds of Chamaecrista would be of great importance in determining the function of multiple pleurograms.
Recent molecular analyses have suggested that Chamaecrista and Senna, as separated from Cassia s.l., are closely related genera that form a distinct clade (Doyle et al., 1997 (Doyle et al., , 2000 Kajita et al., 2001) . Bruneau et al. (2001) disagree with these results, pointing to Chamaecrista as a separate group, with Senna and Cassia being more closely associated.
The genera Cassia, Senna, and Chamaecrista can be morphologically distinguished on the basis of their androecium (Irwin & Barneby, 1981; Gottsberger & Silberbauer-Gottsberger, 1988; Owens & Lewis, 1989) . Tucker (1996) pointed out numerous differences in floral development between the three genera, as well as numerous structural peculiarities in the inflorescence structure of Chamaecrista. In addition to these floral differences, Chamaecrista is the only genus of Cassieae with root nodules, and the internal structure of these nodules is different from that seen in the few other nodulating components of the Caesalpinioideae (Whitty, Powell & Sprent, 1994; Sprent, 2000) . Irwin & Barneby (1981) and Tucker (1996) proposed that the superficial similarities amongst the three genera are the consequence of convergences, perhaps associated with their similar pollination systems (Gottsberger & Silberbauer-Gottsberger, 1988; Lewis, Simpson & Neff, 2000) .
The occurrence of multiple pleurograms in Chamaecrista, as pointed out in the present work, is one more MULTIPLE PLEUROGRAMS IN CHAMAECRISTA 491 feature that separates it from the genus Cassia s.s., which lacks these structures. In the same sense, our results argue for the proximity of Chamaecrista and Senna (which has singular and circular pleurograms), and for the segregation of Chamaecrista in the subtribe Cassiinae.
